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INFORMATION REPRODUCING 
APPARATUS FOR OPTICAL DISC 

This is a division of application Ser. No. 08/595073 ?led 
Feb. 1. 1996. now U.S. Pat. No. 5.675.564. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to an information 

reproducing apparatus for optically reproducing an optical 
disc such as a CD (Compact Disc) player. a LD (Laser Disc) 
player. a DVD (Digital Video Disc) player etc.. 

2. Description of the Related Art 
In the operation of an information reproducing apparatus 

of this type. an optical disc such as a CD. a LD. a DVD etc.. 
is held at a center thereof by a clamper etc. and is rotated 
around the center by a spindle motor. Then. a light beam is 
emitted from a light emitting element of an optical pickup 
and is applied onto the rotated optical disc. while the 
re?ection light of the light beam re?ected from the infor 
mation record surface of the optical disc is received by the 
photo-detector of the optical pickup. so that the recorded 
information is reproduced on the basis of the received 
re?ection light. 

In order to perform a correct reproduction process. the 
information record surface of the optical disc is positioned 
perpendicular to the optical axis of the light beam during this 
reproduction process. If this perpendicular relationship 
between the information record surface and the optical axis 
is lost. the light beam is applied onto the information record 
surface obliquely. Thus. the irradiation area of the light beam 
on the information record surface is expanded. so that the 
irradiation area on the information record surface may cover 
not only the target information track recorded with the 
information to be reproduced but also the adjacent informa 
tion track. which is adjacent to the target information track. 
Consequently. the information on the adjacent information 
track may be simultaneously reproduced as the cross talk 
with respect to the information to be reproduced. 

The optical disc comprises resin material in general. Thus. 
the optical disc tends to be distorted by its aged deterioration 
and by the stress applied by the damper when clamping it. 
The degree of this distortion is increased toward the outer 
circumference of the optical disc. Accordingly. the angular 
relationship between the information record surface and the 
optical axis of the light beam is oifset from the right angle. 
This tilt of the information record surface relative to the 
optical axis of the light beam is called as a “disc skew”. As 
a result. in the actual case of the reproduction operation. the 
cross talk is generated by the disc skew. 

In order to reduce the disc skew. a tilt sensor may be 
provided which detects the tilt angle of the information 
record surface due to the distortion of the optical disc. and 
the central axis of the optical pickup may be mechanically 
tilted in accordance with the detected tilt angle such that the 
angular relationship between the information record surface 
and the optical axis of the light beam be perpendicular. 
A construction of such a tilt sensor is disclosed in Japa 

nese Utility-Model Application Laid Open Sho.60-l23.763 
(Japanese Utility Model Sho.64-2265). for example. In this 
publication. a detection light beam. which is di?’erent from 
the reproduction light beam i.e. which is exclusive for 
detecting the tile angle. is applied onto the information 
record surface. and the re?ection light of the detection light 
beam is detected by a plurality of photo-detectors arranged 

25 

30 

35 

45 

55 

65 

2 
in the radial direction and spaced from each other so that the 
tilt angle is obtained by the difference in the light intensities 
of the re?ection lights detected by the photodetectors. 

However. in the above explained information reproducing 
apparatus. since the optical pickup is mechanically tilted in 
order to compensate the disc skew. there mu st be a mechani 
cal movable element such as a driving mechanism etc.. 
resulting in that the size and the production cost of the 
apparatus are inevitably increased. which is the serious 
problem in the practical case. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide 

an information reproducing apparatus which can compen 
sate the disc skew by use of a relatively simple consn'uction. 
The above object of the present invention can be achieved 

by a ?rst information reproducing apparatus for reproducing 
information recorded on an information track formed on an 
information record surface of an optical disc. The ?rst 
information reproducing apparatus is provided with: a light 
irradiation device for irradiating the information record 
surface with a plurality of light beams including a ?rst light 
beam. to which a coma aberration is not given. and at least 
one second light beam. to which a predetermined coma 
aberration for cancelling a coma aberration due to a tilt of 
the information record surface in a direction perpendicular 
to the information track is given. such that the ?rst light 
beam and the second light beam form light spots arranged 
along the information track; a ?rst photo-detector for detect 
ing a ?rst re?ection light of the ?rst light beam re?ected 
from the information record surface and generating a ?rst 
light detection signal indicating the detected ?rst re?ection 
light; a second photo-detector for detecting a second re?ec 
tion light of the second light beam re?ected from the 
information record surface and generating a second light 
detection signal indicating the detected second re?ection 
light; a tilt detection device for detecting a tilt of the 
information record surface at an area irradiated with the ?rst 
and second light beams and outputting a tilt signal indicating 
the detected tilt; a selection device for selecting one of the 
?rst and second light detection signals which has a less coma 
aberration according to the tilt signal; and a reproduction 
process device for reproducing the information on the basis 
of the selected one of the ?rst and second light detection 
signals. 

According to the ?rst information reproducing apparatus. 
the light irradiation device irradiates the information record 
surface with the ?rst light beam and the second light beam 
such that the ?rst light beam and the second light beam form 
light spots arranged along the information track. At this 
time. the predetermined coma aberration for cancelling a 
coma aberration due to a tilt of the information record 
surface in a direction perpendicular to the information track 
is given to the second light beam by the light irradiation 
device. Then. the ?rst re?ection light is detected by the ?rst 
photo-detector and the ?rst light detection signal is 
generated. while the second re?ection light is detected by the 
second photo-detector and the second light detection signal 
is generated. The tilt of the information record surface at an 
area irradiated with the ?rst and second light beams is 
detected by the tilt detection device. and the tilt signal is 
generated. Then. one of the ?rst and second light detection 
signals which has a less coma aberration is selected by the 
selection device according to the tilt signal. Finally. the 
information is reproduced by the information reproducing 
device on the basis of the selected one of the ?rst and second 
light detection signals. 
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Accordingly. depending on the tilt condition of the infor 
mation record surface. one of the ?rst and second light 
detection signals can be selected which is less influenced by 
the tilt of the information record surface. Namely. if there 
exists no or little tilt. the ?rst light detection signal is 
selected since the coma aberration is not generated due to the 
tilt and since the ?rst light beam does not have the coma 
aberration. In this case. it is enough to use the ?rst light beam 
as it is without the necessity of cancelling the in?uence of 
the coma aberration. On the other hand. if there exists the 
tilt. the second light detection signal is selected since the 
coma aberration is certainly generated due to the tilt and 
since the second light beam has the predetermined coma 
aberration. In this case. the coma aberration due to the tilt 
can be cancelled or reduced by the predetermined coma 
aberration of the second light beam. Thus. even if there 
exists the tilt which badly in?uences the ?rst light beam. the 
in?uence of the tilt can be compensated by the predeter 
mined coma aberration of the second light beam. so that the 
correct reproduction process can be performed on the basis 
of the second light detection signal. Consequently. regard 
less of the tilt condition. the correct reproduction process can 
be performed by the ?rst information reproducing apparatus 
of the present invention. 
The above object of the present invention can be also 

achieved by a second information reproducing apparatus for 
reproducing information recorded on an information track 
formed on an infon'nation record surface of an optical disc. 
The second information reproducing apparatus is provided 
with: a light irradiation device for irradiating the information 
record surface with a plurality of light beams including a 
?rst light beam. to which a coma aberration is not given. and 
at least one second light beam. to which a predetermined 
coma aberration for cancelling a coma aberration due to a tilt 
of the information record surface in a direction perpendicu 
lar to the information track is given. such that the ?rst light 
beam and the second light beam form light spots arranged 
along the information track; a ?rst photo-detector for detect 
ing a ?rst re?ection light of the ?rst light beam re?ected 
from the information record surface and generating a ?rst 
light detection signal indicating the detected ?rst re?ection 
light; a second photo-detector for detecting a second re?ec 
tion light of the second light beam re?ected from the 
information record surface and generating a second light 
detection signal indicating the detected second re?ection 
light; a decoding device for decoding the ?rst and second 
light detection signals; an error rate detection device for 
detecting error rates of the ?rst and second light detection 
signals when decoded by the decoding device; a selection 
device for selecting one of the decoded ?rst and second light 
detection signals which has a lower error rate according to 
the detected error rates; and a reproduction process device 
for reproducing the information on the basis of the selected 
one of the decoded ?rst and second light detection signals. 
According to the second information reproducing 

apparatus. the light irradiation device irradiates the infor 
mation record surface with the ?rst light beam and the 
second light beam such that the ?rst light beam and the 
second light beam form light spots arranged along the 
information track. At this time. the predetermined coma 
aberration for cancelling a coma aberration due to a tilt of 
the information record surface in a direction perpendicular 
to the information track is given to the second light beam by 
the light irradiation device. Then. the ?rst re?ection light is 
detected by the ?rst photo-detector and the ?rst light detec 
tion signal is generated. while the second re?ection light is 
detected by the second photo-detector and the second light 
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detection signal is generated. Then. the ?rst and second light 
detection signals are decoded by the decoding device while 
the error rates of the ?rst and second light detection signals 
when decoded by the decoding device are detected by the 
error rate detection device. Then. one of the decoded ?rst 
and second light detection signals which has a lower error 
rate is selected by the selection device according to the 
detected error rates. Finally. the information is reproduced 
by the information reproducing device on the basis of the 
selected one of the decoded ?rst and second light detection 
signals. 

Accordingly. depending on the reading error which is 
dependent on the tilt condition of the information record 
surface. one of the ?rst and second light detection signals 
can be selected which is less influenced by the tilt of the 
information record surface. Thus. even if there exists the tilt 
which badly in?uences the ?rst light beam. the in?uence of 
the tilt can be compensated by the predetermined coma 
aberration of the second light beam. so that the correct 
reproduction process can be performed on the basis of the 
second light detection signal. Consequently. regardless of 
the tilt condition. the correct reproduction process can be 
performed by the second information reproducing apparatus 
of the present invention. 

In one aspect of the ?rst and second information repro 
ducing apparatuses of the present invention. the light irra 
diation device gives the predetermined coma aberration. 
which is directed perpendicular to the information track on 
the information record surface. to the second light beam. 
Thus. the in?uence of the tilt of the information record 
surface in the direction perpendicular to the information 
track can be certainly compensated by virtue of the prede 
termined coma aberration given to the second light beam. 

In another aspect of the ?rst and second information 
reproducing apparatuses of the present invention. the light 
irradiation device irradiates the information record surface 
with two second light beams. to one of which the predeter 
mined coma aberration in one direction perpendicular to the 
information track on the information record surface is given. 
and to the other of which the predetermined coma aberration 
in a direction opposite to the one direction on the informa 
tion record surface is given. Thus. the in?uence of the tilt in 
a Wide range can be compensated by use of two second light 
beams. 
The above object of the present invention can be also 

achieved by a third information reproducing apparatus for 
reproducing information recorded on an information track 
formed on an information record surface of an optical disc. 
The third information reproducing apparatus is provided 
with: a light irradiation device for irradiating the information 
record surface with a plurality of light beams including a 
?rst light beam. to which a comma aberration is not given 
and which is applied onto the information record surface 
perpendicularly. and at least one second light beam. to which 
a comma aberration is not given and which is applied onto 
the information record surface obliquely in a direction 
perpendicular to the information track by a predetermined 
tilt angle. such that the ?rst light beam and the second light 
beam form light spots arranged along the information track; 
a ?rst photo-detector for detecting a ?rst re?ection light of 
the ?rst light beam re?ected from the information record 
surface and generating a ?rst light detection signal indicat 
ing the detected ?rst re?ection light; a second photo-detector 
for detecting a second re?ection light of the second light 
beam re?ected from the information record surface and 
generating a second light detection signal indicating the 
detected second reflection light; a tilt detection device for 



5.768.232 
5 

detecting a tilt of the information record surface at an area 
irradiated with the ?rst and second light beams and output 
ting a tilt signal indicating the detected tilt; a selection 
device for selecting one of the ?rst and second light detec 
tion signals which has a less coma aberration according to 
the tilt signal; and a reproduction process device for repro 
ducing the information on the basis of the selected one of the 
?rst and second light detection signals. 

According to the third information reproducing apparatus. 
the light irradiation device irradiates the information record 
surface with the ?rst light beam and the second light beam 
such that the ?rst light beam and the second light beam form 
light spots arranged along the information track. At this 
time. the ?rst light beam is applied onto the information 
record surface perpendicularly. and the second light beam is 
applied onto the information record surface obliquely in a 
direction perpendicular to the information track by a prede 
termined tilt angle. Then. the ?rst re?ection light is detected 
by the ?rst photo-detector and the ?rst light detection signal 
is generated. while the second re?ection light is detected by 
the second photo-detector and the second light detection 
signal is generated. The tilt of the information record surface 
at an area irradiated with the ?rst and second light beams is 
detected by the tilt detection device. and the tilt signal is 
generated. Then. one of the ?rst and second light detection 
signals which has a less coma aberration is selected by the 
selection device according to the tilt signal. Finally. the 
information is reproduced by the information reproducing 
device on the basis of the selected one of the ?rst and second 
light detection signals. 

Accordingly. depending on the tilt condition of the infor 
mation record surface. one of the ?rst and second light 
detection signals can be selected which is less in?uenced by 
the tilt of the information record surface. Thus. even if there 
exists the n'lt which badly in?uences the ?rst ligtt beam. the 
in?uence of the tilt can be compensated by the predeter 
mined tile angle of the second light beam. so that the correct 
reproduction process can be performed on the basis of the 
second light detection signal. Consequently. regardless of 
the tilt condition. the correct reproduction process can be 
performed by the ?rst information reproducing apparatus of 
the present invention. 
The above object of the present invention can be also 

. achieved by a fourth information reproducing apparatus for 
reproducing information recorded on an information track 
formed on an information record surface of an optical disc. 
The fourth information reproducing apparatus is provided 
with: a light irradiation device for irradiating the information 
record surface with a plurality of light beams including a 
?rst light beam. to which a comma aberration is not given 
and which is applied onto the information record surface 
perpendicularly. and at least one second light beam. to which 
a comma aberration is not given and which is applied onto 
the information record surface obliquely by a predetermined 
tilt angle in a direction perpendicular to the information 
track. such that the ?rst light beam and the second light beam 
form light spots arranged along the information track; a ?rst 
photo-detector for detecting a ?rst re?ection light of the ?rst 
light beam re?ected from the information record surface and 
generating a ?rst light detection signal indicating the 
detected ?rst re?ection light; a second photo-detector for 
detecting a second re?ection light of the second light beam 
re?ected from the information record surface and generating 
a second light detection signal indicating the detected sec 
ond re?ection light; a decoding device for decoding the ?rst 
and second light detection signals; an error rate detection 
device for detecting error rates of the ?rst and second light 

15 

20 

25 

35 

45 

50 

55 

65 

6 
detection signals when decoded by the decoding device; a 
selection device for selecting one of the decoded ?rst and 
second light detection signals which has a lower error rate 
according to the detected error rates; and a reproduction 
process device for reproducing the information on the basis 
of the selected one of the decoded ?rst and second light 
detection signals. 
According to the fourth information reproducing 

apparatus. the light irradiation device irradiates the infor~ 
mation record surface with the ?rst light beam and the 
second light beam such that the ?rst light beam and the 
second light beam form light spots arranged along the 
information track. At this time. the ?rst light beam is applied 
onto the information record surface perpendicularly. and the 
second light beam is applied onto the information record 
surface obliquely in a direction perpendicular to the infor 
mation track by a predetermined tilt angle. Then. the ?rst 
re?ection light is detected by the ?rst photo-detector and the 
?rst light detection signal is generated. while the second 
re?ection light is detected by the second photo-detector and 
the second light detection signal is generated. Then. the ?rst 
and second light detection signals are decoded by the 
decoding device while the error rates of the ?rst and second 
light detection signals when decoded by the decoding device 
are detected by the error rate detection device. Then. one of 
the decoded ?rst and second light detection signals which 
has a lower error rate is selected by the selection device 
according to the detected error rates. Finally. the information 
is reproduced by the information reproducing device on the 
basis of the selected one of the decoded ?rst and second light 
detection signals. 

Accordingly. depending on the reading error which is 
dependent on the tilt condition of the information record 
surface. one of the ?rst and second light detection signals 
can be selected which is less in?uenced by the tilt of the 
information record surface. Thus. even if there exists the tilt 
which badly in?uences the ?rst light beam. the in?uence of 
the tilt can be compensated by the predetermined tilt angle 
of the second light beam. so that the correct reproduction 
process can be performed on the basis of the second light 
detection signal. Consequently. regardless of the tilt 
condition. the correct reproduction process can be per 
formed by the second information reproducing apparatus of 
the present invention. 

In the above described ?rst to fourth information repro 
ducing apparatuses of the present invention. the light irra 
diation device may be provided with: a light emitting 
element for emitting a light beam; and a light separating 
device for separating the emitted light beam into the ?rst and 
second light beams. Thus. the construction of the optical 
system in the apparatus can be simpli?ed. In this case. the 
light separating device may preferably be a grating. Thus. 
the construction of the optical system in the apparatus can be 
made even more simpli?ed. Alternatively. the light irradia 
tion device may be provided with a plurality of light emitting 
elements including a ?rst light emitting element for emitting 
the ?rst light beam and a second light emitting element for 
emitting the second light beam. 

In the above described second and fourth information 
reproducing apparatus of the present invention. the selection 
device may be provided with: a comparison circuit for 
comparing the detected error rates with each other. and 
generating a comparison signal indicating one of the ?rst 
and second light detection signal which has a lower error 
rate; and a select circuit for selecting one of the decoded ?rst 
and second light detection signals according to the compari 
son signal. 
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The nature. utility. and further features of this invention 
will be more clearly apparent from the following detailed 
description with respect to preferred embodiments of the 
invention when read in conjunction with the accompanying 
drawings brie?y described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A and FIG. 1B. are diagrams to explain an opera~ 
tion principle used for preferred embodiments of the present 
invention. and FIG. 1C is a graph showing a relationship 
between a disc skew and a reading error in case of FIGS. 1A 
and 1B; 

FIG. 2A and FIG. 2B. are diagrams to explain an opera 
tion principle used for the preferred embodiments of the 
present invention. and FIG. 2C is a graph showing a rela 
tionship between a disc skew and a reading error in case of 
FIGS. 2A and 2B; 

FIG. 3 is a graph showing the operation principle used for 
the preferred embodiments of the present invention; 

FIG. 4A is a block diagram of an information reproducing 
apparatus as a ?rst embodiment of the present invention. and 
FIG. 4B is a diagram showing a relationship between the 
information track and each light spot in the ?rst embodi 
ment; 

FIG. 5 is a block diagram of a tilt sensor used in the first 
embodiment; 

FIG. 6A is a diagram to explain coordinate axes and 
interference fringes at a grating used in the ?rst embodiment. 
and FIG. 6B is a diagram showing the interference fringes; 

FIG. 7 is one diagram showing a grating pattern used in 
the ?rst embodiment; 

FIG. 8 is another diagram showing a grating pattern used 
in the ?rst embodiment; 

FIG. 9A is a block diagram of an information reproducing 
apparatus as a second embodiment of the present invention. 
and FIG. 9B is a diagram showing a relationship between the 
information track and each light spot in the second embodi 
ment; 

FIG. 10 is a block diagram of a light irradiation optical 
system in a third embodiment of the present invention; and 

FIG. 11 is a block diagram of a light irradiation optical 
system in a fourth embodiment of the present invention. 

DETAILED DESGUPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to the accompanying drawings. embodiments of 
the present invention will be now explained. 
(I) Principle of the Present Invention 

Firstly. an operation principle used for preferred embodi 
ments of the present invention will be explained with 
referring to FIGS. 1A to 3. 

In FIG. 1A. in an information reproducing apparatus. a 
light spot Bp is formed on an information record surface of 
an optical disc 1 by condensing a light beam B. which is a 
laser beam as the reproduction light beam and which does 
not have the comma aberration. by use of an objective lens 
2 in case that there is no disc skew. By detecting the 
re?ection light from the light spot Bp. the information is 
reproduced on the basis of the difference in the light inten 
sity of the detected re?ection light by the information 
reproducing apparatus. 

In this case. since the information record surface of the 
optical disc 1 is perpendicular to the optical axis of the light 
beam B. and since the comma aberration is not given to the 
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light beam B. the shape of the light spot Bp formed on the 
information record surface of the optical disc 1 is substan 
tially completely rounded. and the light intensity distribution 
101a within the light spot Bp is substantially symmetrical. 
as shown in FIG. 1A. Then. by forming the light spot Bp on 
the information track recorded with the information to be 
reproduced. the information on the information track is 
correctly reproduced. 

However. when the optical disc 1 is distorted by the aged 
deterioration or the stress applied when holding the optical 
disc 1 etc.. the information record surface of the optical disc 
1 is tilted with respect to the optical axis of the light beam 
B at the light irradiation portion which is irradiated with the 
light beam B as shown in FIG. 1B. Then. under the condition 
that the tilt of the information record surface with respect to 
the optical axis of the light beam B i.e. the disc skew is 
generated. if the optical disc 1 is irradiated with the light 
beam B in the same manner as the case of FIG. 1A. the light 
spot Bp at this time has the comma aberration. so that the 
shape of the light spot Bp is not circular any more as shown 
in FIG. 1B. The light intensity distribution 101b within the 
light spot Bp at this time has an asymmetrical wave shape as 
shown in FIG. 1B. 

Here. the comma aberration is explained. 
The light beam such as a laser beam which has passed 

through an optical system such as a prism. an objective lens. 
etc.. has a wave front aberration. The wave front aberration 
corresponding to one object point is expressed in a form of 
the power series of the polar function (R.¢) of the pupil. 
which is expressed by a following expression (1) when the 
terms up to the sixth order are considered. 

( 1) 

Here. the function W(R.o) represents the wave front 
aberration. Further. among the terms in the right hand of the 
expression (1). the term W20 corresponds to the defocus. the 
term W22 corresponds to the astigmatism. the term W31 
corresponds to the coma aberration. and the term W40 
corresponds to the spherical aberration. 
The coma aberration W:“ in the expression (1) is also 

generated by the disc skew as shown in FIG. 1B. The 
magnitude of the coma aberration W31 in this case is 
expressed by a following expression (2). 

In the expression (2). the reference numeral t represents 
the thickness of the optical disc 1 from its surface to its 
information record surface. n represents the refraction coef 
?cient of the light protection layer of the optical disc 1. 
which is made of a resin layer. for example. to protect the 
information record surface. with respect to the light beam B. 
6 represents the disc skew (angle). and NA represents the 
numerical aperture of the objective lens 2. For example. 
under the condition of 9:025". NA=0.6. n=l.57 and t=0.6 
mm. the coma aberration W31 is obtained by the expression 
(2) as W3l=O.214 pm. 
When this coma aberration W31 is generated. since the 

shape of the light spot Bp is expanded in the radial direction 
of the optical disc 1 as shown in FIG. 1B. the light spot Bp 
covers not only the information track to be reproduced but 
also the information track adjacent to the information track 
to be reproduced. so that the information of this adjacent 
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information track is mixed as a cross talk into the informa 
tion of the information track to be reproduced. Then. a 
reading error E is increased in the information to be repro 
duced. The reading error E and the disc skew 8 has a 
relationship as shown in FIG. 1C. Here. or represent the disc 
skew corresponding to the disc error Ea allowable in the 
processes in the signal processing system. Namely. int 
prescribes the skew margin of the disc skew as shown in 
FIG. 1C. 

In each of FIGS. ZAand 2B. a light beam BC. to which the 
coma aberration is given in advance of reaching the objec 
tive lens 2. is irradiated onto the optical disc 1. in place of 
the light beam B. to which no coma aberration is given. as 
shown in FIGS. 1A and 1B respectively. 
As shown in FIG. 2A. if the optical disc 1 is irradiated 

with the light beam Bc which optical axis is perpendicular 
to the optical disc 1. since the light beam He has the coma 
aberration W31 in advance. the shape of the light spot Bp is 
expanded in the radial direction of the optical disc 1 in the 
similar manner as in the case of FIG. 1B. The light intensity 
distribution 1010 within the light spot Bp at this time has an 
asymmetrical wave shape as shown in FIG. 2A. 

Here. as shown in FIG. 2.13. if the optical disc 1 is tilted 
so that the disc skew 9 is generated. the comma aberration 
W31 in the light beam Bc cancels or reduces the comma 
aberration generated by this disc skew B. When those 
comma aberrations are cancelled by each other. as shown in 
FIG. 2B. the shape of the light spot Bp becomes substan 
tially completely rounded and the light intensity distribution 
101d within the light spot Bp is substantially symmetrical in 
the same manner as the light intensity distribution 101a 
shown in FIG. 1A (in which no coma aberration is given to 
the light beam and no aberration is generated due to the disc 
skew). 
Assuming that the disc skew 9 is equal to B when the 

shape of the light spot Bp becomes substantially completely 
rounded. the reading error E and the disc skew 9 in case of 
using the light beam Bc have the relationship as shown in 
FIG. 2C. in which the reading error E takes its minimum 
value at the angle 

Therefore. in the present invention. a plurality of light 
beams are generated in the optical system such that at least 
one of them is the light beam Bc. to which the coma 
aberration is given in advance of irradiation. More 
concretely. for example. an original light beam B0 is divided 
into three light beams. such that one of the light beams 
becomes the light beam B as an ordinary reproduction light 
beam. to which no comma aberration is given. for a normal 
reproduction of the optical disc 1 having no disc skew. 
another of the light beams becomes a light beam Bc+ as an 
extraordinary reproduction light beam. to which a plus 
comma aberration is given. for a special reproduction of the 
optical disc 1 having the disc skew. and another of the light 
beams becomes a light beam Bc- as an extraordinary 
reproduction light beam. to which a minus comma aberra 
tion is given. for a special reproduction of the optical disc 1 
having the disc skew. Here. the “plus" comma aberration is 
de?ned as a comma aberration in one of the directions. 
which are perpendicular to the information reading direction 
(Le. the direction of the information track TR) on the 
information record surface of the optical disc 1. while the 
“minus” comma aberration is de?ned as a comma aberration 
in the direction opposite to the plus comma aberration on the 
information record surface. 

Then. the light beam B. the light beam Bc+ and the light 
beam Bc- are applied onto one information track. At this 
time. if there exists a disc skew 6 of the optical disc I. the 
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10 
coma aberration W31 is generated at the light spot Bp as for 
the light beam B. resulting in that the re?ection light of the 
light beam B includes the cross talk. However. even in this 
case. as for either one of the light beam Bc+ and the light 
beam Bc—. the in?uence of the coma aberration due to the 
disc skew 6 is reduced by either one of the plus coma 
aberration W31 or the minus coma aberration W-. Thus. the 
cross talk is reduced in either one of the re?ection lights of 
the light beams Bc+ and Bc—. Therefore. by selecting this 
re?ection light in which the cross talk is reduced (i.e. the 
re?ection light of the light beam Bc+ or Bc- including the 
comma aberration W- which reduces or cancels the influ 
ence of the comma aberration due to the disc skew 6). and 
by reproducing the information on the basis of this selected 
re?ected light. it becomes possible to perform a correct 
information reproduction by reducing the in?uence of the 
disc skew 9. Further. at this time. the skew margin is equal 
to the sum of the skew margins of the light beams B. Bc+ 
and Bc- as shown in FIG. 3. and is much larger than the case 
of reproducing the information by use of a single light beam 
B. As shown in FIG. 3. within the skew margin. by selecting 
one of three light detection signals based on the light beams 
B. Bc+ and Be- respectively. in accordance with the disc 
skew 6. the reading error E can be restrained to be lower than 
the allowable reading error Ea in the skew margin. 
The concrete embodiments based on the above mentioned 

operation principle of the present invention will be nextly 
described. 
(II) First Embodiment 
A ?rst embodiment of the present invention will be 

explained hereinbelow with referring to FIGS. 4A to 8. 
The construction of an information reproducing apparatus 

as the ?rst embodiment is ?rstly explained with referring to 
FIG. 4A. 

In FIG. 4A. an information reproducing apparatus S is 
provided with: the aforementioned objective lens 2 for 
condensing the light beams B. Bc+ and Bc- and forming 
light spot Bp. Bp+ and Bp- respectively on one information 
track TR of the optical disc 1. to which information is 
recorded on the information track TR. The information 
reproducing apparatus S is also provided with: a spindle 
motor 3 for rotating the optical disc 1; a semiconductor laser 
4 for emitting the original light beam Bo as the reproduction 
light beam; a grating 5 for separating the light beam Bo into 
the light beams B. Bc+ and Bc- such that the coma aber 
ration is not given to the light beam B. the predetermined 
plus coma aberration is given to the light beam Bc+. and the 
predetermined minus coma aberration is given to the light 
beam Bc—; a beam splitter 6 for transmitting the light beams 
B. Bc+ and Bc- from the grating 5 therethrough and 
re?ecting the re?ection lights of each of the light beams B. 
Bc+ and Bo- respectively from the optical disc 1 toward 
photo-detectors 8a, 8b and 8c by virtue of the difference in 
the polarization plane of the light: and a N4 plate 7 for 
rotating the polarization planes of the light beams B. Bc+ 
and Bc- respectively from the beam splitter 6. and also the 
polarization planes of the re?ection lights respectively from 
the optical disc 1 by predetermined angles. The information 
reproducing apparatus S is further provided with the photo 
detectors 8a, Bb and 8c. The photo-detectors 8a, 8b and 8c 
are adapted to detect the re?ection lights of the light beams 
B. Bc+ and Bc- from the optical disc 1 respectively. convert 
the detected lights to light detection signals Sa. Sb and Sc 
respectively. and output the light detection signals Sa. Sb 
and Se respectively. The information reproducing apparatus 
S is further provided with: head ampli?ers 9a, 9b and 90 for 
amplifying the light detection signals Sa. Sb and Se respec 
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tively; and delay circuits 10a and 100 for delaying the light 
detection signals Sa and Se by predetermined delay amounts 
respectively. In the present embodiment. the information 
reproducing apparatus S is especially provided with: a tilt 
sensor 11 for detecting the disc skew of the optical disc 1 at 
the position of the information track TR by emitting a 
detection beam Bx to the information track TR which is 
irradiated with the light beams B. Bc+ and Bc—. and by 
detecting the re?ection light of the detection beam Bx ‘and 
for outputting the tilt signal ST indicating the detected disc 
skew. The information reproducing apparatus S is further 
provided with: a select circuit 12 for selecting one light 
detection signal corresponding to the light beam which can 
reduce the in?uence of the coma aberration due to the disc 
skew. out of the light detection signals Sa. Sb and Sc on the 
basis of the tilt signal 8,. and for outputting the selected light 
detection signal 55: and a reproduction process unit 13 
including a decoder and a D/A convertor for applying an 
reproduction process to the selected light detection signal Ss 
to output a reproduction signal So. 
The objective lens 2. the semiconductor laser 4. the 

grating 5. the beam splitter 6. the M4 plate 7. etc. are 
included in an optical pickup 14. The information reproduc 
ing apparatus S is further provided with a servo-control unit 
15 for performing a tracking servo-control and a focus 
servo-control for the optical pickup l4 and a spindle servo 
control for the spindle motor 3 on the basis of a tracking 
error signal Str. a focus error signal Sfo and a spindle error 
signal Ssp generated by the reproduction process unit 12 
respectively. 

Nextly. the operation of the above described information 
reproducing apparatus S will be explained with referring to 
FIGS. 4A and 4B. 

In FIG. 4A. the light beam Bo. which is emitted from the 
semiconductor laser 4. is separated by the grating 5 into 
three light beams i.e. the light beam B which does not have 
the coma aberration, the light beam Bc+ which has the plus 
coma aberration. and the light beam Bc- which has the 
minus coma aberration. Then. the light beams B. Bc+ and 
Bc- are transmitted through the beam splitter 6 and the M4 
plate 7. condensed by the objective lens 2 and applied onto 
the information track TR where the information to be 
reproduced is recorded on the optical disc 1. At this time. 
light spots Bp. Bp+ and Bp- are formed by the light beams 
B. Bc+ and Bc- respectively on one information trackTR as 
shown in FIG. 4B. In FIG. 4B. the coma aberrations are 
generated at the light spots Bp+ and Bp- in the direction 
perpendicular to the direction of the information track on the 
information record surface. respectively. 

Then. the re?ection lights originated from the light beams 
B. Bc+ and 30- respectively. which have been modulated by 
information pits and grooves etc. arranged on the informa 
tion track TR. are inputted again to the beam splitter 6 
through the objective lens 2 and the N4 plate 7. At this time. 
since the polarization plane of each re?ection light has been 
rotated by the M4 plate 7. the re?ection lights are re?ected 
by the beam splitter 6. so that the re?ection lights are 
inputted to the photo-detectors 8a, 8b and 8c respectively. 
Then. the inputted re?ection lights are converted by the 
photo-detectors 8a, 8b and 80 to the light detection signals 
Sa. Sb and Sc respectively. The light detection signals Sa. Sb 
and Sc are ampli?ed by the head ampli?er 9a, 9b and 9c 
respectively. and outputted to the select circuit 12. At this 
time. the light detection signal 9a is delayed by the delay 
circuit 100 by a ?rst predetermined delay amount. and the 
light detection signal 9c is delayed by the delay circuit 100 
by a second predetermined delay amount before they are 
inputted to the select circuit l2. 
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Here. the reason why the delay process is applied to each 

of the light detection signals 9a and 9c (but not to the 
detection signal 9b) is as following. Namely. as shown in 
FIG. 4B. the light spots Bp. Bp+ and Bp- are shifted to each 
other along the disc rotation direction on the information 
track TR when they are formed by the light beams B. Bc+ 
and Bc- respectively. Thus. when one piece of information 
on the information track TR is considered. the light beam 
Bc+ is modulated by this one piece of information earlier 
than the light beams Bc and Bc—. In the same manner. the 
light beam Be is modulated by this one piece of information 
earlier than light beam Bc—. Thus. certain time differences 
exist between the light detection signals Sa. Sb and Sc 
corresponding to this one piece of information in accordance 
with the positional shifts of the light spots Bp. Bp+ and Bp 
respectively. Here. in the present embodiment. since the 
selected light detection signal Ss is obtained by switching 
the light detection signals Sa. Sb and Sc in accordance with 
the disc skew 6. in order to maintain the continuity of the 
information indicated by the selected light detection signal 
Ss. the light detection signal Sa and Se are respectively 
delayed by the respective predetermined delay amounts. so 
that the timing of the light detection signal Sa and the timing 
of the light detection signal Sc are matched to that of the 
light detection signal Sb. 

While the light detection signals Sa. Sb and Se are 
inputted to the select circuit 12. the detection beam Bx is 
applied onto the information track TR. which is irradiated 
with the light beams B. Bc+ and Bc—. by the tilt sensor 11. 
Then. the disc skew 6 of the optical disc 1 is detected on the 
basis of the re?ection light of the detection beam Bx. and the 
tilt signal ST corresponding to the detected disc skew 6 is 
outputted to the select circuit 12. At this time. the light spot 
Bpx formed by the detection beam Bx is applied onto a 
position shown in FIG. 4B. 

In the select circuit 12. in accordance with the tilt signal 
8,. one of the light detection signals Sa. Sb and Sc is 
selected which is originated from the light beam having the 
coma aberration W31 able to reduce the in?uence of the 
coma aberration due to the presently detected disc skew 9 
(i.e. the coma aberration W3.1 by which the reading error due 
to the presently detected disc skew 9 falls in the allowable 
range). and is outputted as the selected light detection signal 
Ss. 
More concretely. if the disc skew 6 is within the range 

between -ot and +0: in FIG. 3. the light detection signal Sa 
corresponding to the light beam B is selected as the selected 
light detection signal Ss. If the disc skew 6 is within the 
range between +ot and +'\( in FIG. 3. the light detection signal 
Sb corresponding to the light beam Bc- is selected as the 
selected light detection signal Ss. If the disc skew 6 is within 
the range between —7 and —ot in FIG. 3. the light detection 
signal Sc corresponding to the light beam Bc+ is selected as 
the selected light detection signal Ss. Then. the selected light 
detection signal Ss is inputted to the reproduction process 
unit 13. Finally. the decoding process. the D/A-converting 
process etc. are applied to the selected light detection signal 
Ss. and the resultant processed signal is outputted as the 
reproduction signal So. 

Here. the tilt sensor 11 will be explained in more detail 
with referring to FIG. 5. 

In FIG. 5. the tilt sensor 11 is provided with: a light 
emitting element 30 for emitting the detection beam Bx; 
photo-detectors 31 and 32 spaced from each other in the disc 
radial direction of the optical disc 1 for respectively receive 
the re?ection light of the detection beam Bx from the optical 
disc 1; a sensor main body 33 for holding the light emitting 
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element 30 and the photo-detectors 31 and 32; a differential 
ampli?er 34 for generating a dilferential signal between an 
output signal of the photo-detector 31 and an output signal 
of the photo-detector 32; an ampli?er 35 for amplifying the 
dilferential signal outputted from the differential ampli?er 
34 and outputting it as the tilt signal ST 

Nextly. the operation of the tilt sensor 11 will be 
explained. 

In FIG. 5. the detection beam Bx emitted from the light 
emitting element 30 is re?ected by the information record 
surface of the optical disc 1. The re?ection light of the 
detection beam Bx is detected by the photo-detectors 31 and 
32. At this time. since the photo-detectors 31 and 32 are 
spaced from each other along the disc radial direction of the 
optical disc 1. if the disc skew 9 of the optical disc 1 exists 
in the disc radial direction. a difference is generated between 
the light amount of the re?ection light received by the 
photodetector 31 and the light amount of the re?ection light 
received by the photo-detector 32. Therefore. the di?erential 
signal between the output signals of the photodetectors 31 
and 32 generated by the di?‘erential ampli?er 34. corre 
sponds to the disc skew 9 at the present time. Then. this 
differential signal is ampli?ed by the ampli?er 35 and is 
outputted as the tilt signal ST to the select circuit 12. 

In this manner. the tilt signal ST corresponding to the disc 
skew 6 can be obtained by the tilt sensor 11. 

Nextly. the grating 5 will be explained in more detail with 
referring to FIGS. 6A to 8. 

Firstly. the coordinate axes of the grating 5 used in the 
present explanation is explained with referring to FIG. 6A. 
As shown in FIG. 6A. in the present explanation. a 1] - <2 

plane which has a 1] axis and a Z axis is set on the grating 
5. It is assumed that the light beam B0 is incident perpen 
dicular to the 1]—E_, plane at the junction 1] of the 1] axis and 
the E axis. is diffracted by the grating 5 and is separated into 
the light beams B. Bc+ and Bc- which are parallel to the Q 
axis. and that the diffraction angle of this separation is t|1 In 
order to obtain the light beams B. Bc+ and Bc- in this 
manner. the grating pattern of the grating 5 is given as 
interference fringes of the wave front W corresponding to 
the light beam B and the wave front W‘ corresponding to 
each of the light beams Bc+ and Bc- as shown in FIG. 6A. 
This interference fringes are expressed by a following 
expression (3). 

mzinteger number 
)uwavelength of the light beam Bo (B) 
W31: coma aberration which is given to the light beam Be 

(as expressed in by the expression (2)) 
R: radius of the objective pupil of the objective lens 2 
In this expression (3). the disc skew 6 in the expression 

(2) is replaced by the disc skew B shown in FIG. 2C or FIG. 
3. 
The above explained expression (3) is the expression of 

the interference fringes to separate the light beam Bc+. The 
expression of the interference fringes to separate the light 
beam Bc- is as following. 

In the actual design. it may be enough to consider only the 
expression (3). Further. the above expressions (3) and (4) are 
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14 
applied to the case that the diffraction direction (i.e. the 
direction parallel to the E axis) and the direction of the coma 
aberration are perpendicular to each other. By the interfer 
ence fringes expressed by the expression (3). the diffraction 
angle of the light beam Bc+ becomes +u1 (degrees) and the 
diffraction angle of the light beams Bc- becomes -ul 
(degrees). Thus. the grating patterns in which the coma 
aberrations are in!“ (11m) can be obtained. The light beam 
Bc. which has been separated by this grating pattern. has the 
coma aberration W31 which can cancel the coma aberration 
due to the disc skew 9 when 6:5 (in FIG. 2C or FIG. 3). 

Here. as an example of the grating pattern. the grating 
pattern of the grating 5 to obtain the light beams B. Bc+ and 
Bc- under the condition of 0t=0.25°. NA=O.6. =1.57. t=O.6 
mm. R=2500 tun. \p=O.293°. is shown in FIG. 7. In FIG. 7. 
the average pitch P of the interference fringes is. for 
example. equal to 0.133 (mm) since Z is substantially equal 
to mA/bl by solving the expression (3) with respect to E 
under the condition of k=0.69 pm. 
By the way. at the time of actually producing the grating 

5. each pattern (i.e. each interference fringe) has a width as 
partially indicated by FIG. 6B. At this time. if the interfer 
ence fringes a. a‘. a". . . . . satisfy the above expression (3). 

the interference fringes b. b'. b". . . . . will satisfy the 

following expression (5). 

Nextly. the grating pattern is concretely obtained in case 
that the interference fringe has a width under the condition 
that the wave length of the light beam B0 is 0.69 pm. 

If 1] is not equal to “0". E. is obtained as following 
according to the above expression (3). 

If 1] is not equal to “0". Z‘ is obtained as following 
according to the above expression (5). 

wherein a=b,,1]. b=bl. c-—-b41]3—m7t. d=b4113—(m+l/2)?t in the 
expressions (6) and (7) 

Here. in order to separate the light beam Bc. which has the 
coma aberration W31 (corresponding to B=0.5°) to cancel the 
coma aberration due to the disc skew 6=0.5°. the coma 
aberration W3,1 becomes as following under the condition of 
6=0.5°. t=l200 um. n=l.57. NA=0.6. 

wu=ossesza 

Therefore. under the condition of \p=0.293‘’ and R=2460 
pm. b1 and b4 become as following. 

Thus. since 7v—-O.69 pm in the above expressions (6) and 
(7). a to (1 become as following. 
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If 1] is equal to “0" in the above expressions (6) and (7). 
E, and 5' become as following. 
§=0.69 m/b 

The grating pattern of the grating 5 which is produced 
according to the above calculation results is shown in FIG. 
8. In FIG. 8. each black portion indicates the groove while 
an ellipsoidal 5a in the grating 5 indicates the incident range 
of the light beam B0. 

In the above calculations. the cross section of the light 
beam Bo incident to the grating 5 is normally elliptical as 
shown in FIG. 8. In order to shape this cross section of the 
light beam Bo substantially completely rounded when it is 
applied onto the optical disc 1. 11' may be preferably 
employed in place of 1] as following so as to shape the light 
beam Bo by r times in the direction of 1]. 

new 

Here. r may be 2.06. for example. 
As described above in detail. according to the ?rst 

embodiment. the light beams B. Bc+ and Bc- are generated 
out of the light beam Bo by use of the grating 5. and are 
applied onto one information track TR. One of the light 
detection signals Sa. Sb and Se originated from one of the 
light beams B. Bc+ and Bc- which has the coma aberration 
W3. able to reduce the in?uence of the coma aberration due 
to the disc skew 9. is selected. The information is reproduced 
on the basis of the selected light detection signal Ss. 
Accordingly. even if there exists the disc skew 6 of the 
optical disc 1. the information reproducing apparatus S 
which can perform a correct information reproducing opera 
tion can be realized by use of a relatively simple structure in 
a relatively small size with relatively low cost and without 
the use of a mechanically movable element. 
(HI) Second Embodiment 
A second embodiment of the present invention will be 

explained hereinbelow with referring to FIGS. 9A and 9B. 
In the aforementioned ?rst embodiment. the selection of 

the light detection signals Sa. Sb and Sc is performed by the 
select circuit 12 on the basis of the tilt signal ST from the tilt 
sensor 11. In contrast to this feature of the ?rst embodiment. 
the second embodiment has such a feature that error rates of 
the light detection signals Sa. Sb and Se are respectively 
detected upon decoding them. and that the light detection 
signal which has the lowest error rate among those is 
selected as the selected light detection signal Ss on the basis 
of the detected error rates. 
The construction of an information reproducing apparatus 

as the second embodiment is ?rstly explained with referring 
to FIG. 9A. In FIG. 9A. the constitutional elements same as 
those in FIG. 4A carry the same reference numerals and the 
explanations thereof are omitted. 

In FIG. 9A. an information reproducing apparatus S‘ is 
provided with: a decoder 200 for decoding the light detec 
tion signal Sa. which has been delayed by the delay circuit 
10a and for outputting a decoded light detection signal S Dd; 
a decoder 20b for decoding the light detection signal Sb. 
which has been ampli?ed by the head ampli?er 9b and for 
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outputting a decoded light detection signal 80k; a decoder 
20c for decoding the light detection signal the light detection 
signal Sc. which has been delayed by the delay circuit 10c 
and for outputting a decoded light detection signal SDC: 
counters 21a, 21b and 210 for detecting error rates of the 
reading errors of the light detection signals Sa. Sb and Sc 
respectively upon decoding them and for outputting error 
rates SE“. SE‘, and SEC; a compare circuit 22 for comparing 
the detected error rates SEQ. S a, and S EC with each other and 
for outputting a comparison signal Sp. which indicates the 
light detection signal which error rate is the lowest among 
those compared error rates. to a select circuit 23; the select 
circuit 23 for outputting one of the decoded light detection 
signals SD“. SDI, and S Dc. which has the lowest error rate in 
accordance with the comparison signal Sp as the selected 
light detection signal Ss; and a reproduction process unit 24 
including D/A convertor etc. for performing the reproduc 
tion process with respect to the selected light detection 
signal 85 and for outputting the processed signal as the 
reproduction signal So. Thus. the light spot Bp. Bp+ and 
Bp- are respectively formed of the light beams Bc. Bc+ and 
Bc- on one information track TR as shown in FIG. 9B. 

Nextly. the operation of the above mentioned second 
embodiment will be explained. 

In FIG. 9A. the light detection signal Sb. which has been 
ampli?ed by the head ampli?er 9b and the light detection 
signals Sa and Se. which have been delayed by the delay 
circuits 10a and 10c respectively. are decoded by the decod 
ers 20a, 20b and 200 respectively. and are outputted as the 
decoded light detection signals Spa. S0,, and SDC respec 
tively to the select circuit 23. On the other hand. the error 
signals at the time of decoding the light detection signals Sa. 
Sb and Se are inputted to the counters 21a, 21b and 210 
respectively. where the error rates SEQ. SH, and SEC of the 
reading errors at the time of decoding the light detection 
signals Sa. Sb and Se are detected. Then. the detected error 
rates SE4. SH, and SEC are compared with each other by the 
compare circuit 22. so that the error rate which is the lowest 
among those three error rates is selected and the comparison 
signal Sp indicating the light detection signal corresponding 
to the selected error rate is outputted to the select circuit 23. 
Then. by the select circuit 23. the decoded light detection 
signal which has the lowest error rate is selected among the 
decoded light detection signals S Dd. S D,, and S DC on the basis 
of the comparison signal Sp. and the selected light detection 
signal Ss is outputted. After that. on the basis of the selected 
light detection signal Ss. the reproduction process such as a 
D/A conversion process is performed by the reproduction 
process unit 24. and ?nally the reproduction signal So is 
outputted. 
By the above described operation. one of the decoded 

light detection signals S0,, and SDC. each of which is 
originated from the light beam having the coma aberration 
most suitable for cancelling or reducing the in?uence of the 
coma aberration due to the disc skew of the optical disc 1. 
is selected (or the decoded light detection signal S Dd is 
selected if there exists no or little disc skew) as the selected 
light detection signal 55 in the manner shown in FIG. 3. and 
the reproduction signal So is outputted on the basis of this 
selected light detection signal Ss. 
As described above in detail. according to the second 

embodiment. the tilt sensor as in the ?rst embodiment is not 
necessary. and the most suitable light detection signal can be 
electrically selected as an advantageous e?tect in addition to 
the e?’ect of the ?rst embodiment. The information repro 
ducing apparatus S'. which can perform a correct informa 
tion reproduction with respect to the disc skew of the optical 






